BACKGROUND
Pneumonia is a major medical problem and is the leading infectious cause of death in developed countries, especially among the elderly. 1 2 Japan is no exception to this trend. 3 According to the list of statistical surveys prepared by the Statistics and Information Department at the Japanese Ministry of Health, Labor and Welfare, pneumonia was the third leading causing of death in 2014, with a death toll of 119 650. 3 The pneumonia severity index (PSI), confusion, urea plasma levels, respiratory rate, blood pressure, age over 65 years (CURB-65), and, especially in Japan, the A-DROP scoring system [age (men ≥70 years, women ≥75 years), dehydration (BUN ≥21 mg/dL), respiratory failure ( pulse oximetry ≤90% or PaO 2 ≤60 Torr), orientation disturbance, and systolic blood pressure
Strengths and limitations of this study
▪ To the best of our knowledge, this is the first study to directly compare levels of B-type natriuretic peptide (BNP) with community-acquired pneumonia and aspiration pneumonia, healthcare-associated pneumonia or pneumonia with acute heart failure. ▪ This is the first study to validate BNP as a prognostic marker in aspiration pneumonia, healthcare-associated pneumonia or pneumonia with acute heart failure, therefore our results build on new findings. ▪ We should have measured the serum BNP levels in the convalescent phase and the acute phase for evaluation as a decrease in these levels post-treatment, which is compatible with control subjects, would show that BNP levels were transiently elevated in patients with pneumonia. ▪ We failed to measure BNP for all pneumonia patients, hence a selection bias cannot be completely excluded.
≤90 mm Hg)] are extensively used and validated tools for estimating the prognosis of patients with community-acquired pneumonia (CAP), although they tend to be difficult to calculate, are prone to individual error, and are partially dependent on individual impressions. 4 As such, a fast, simple, and reliable predictor is needed for acute situations.
B-type natriuretic peptide (BNP), a 32-amino-acid polypeptide, has consistently been shown to improve the diagnosis and management of unselected patients presenting with acute shortness of breath by reliably separating cardiac from non-cardiac causes of dyspnoea. 1 This peptide is predominately released by left and right cardiac ventricles and regulates a wide array of physiological effects, including natriuresis, diuresis and vasodilatation. 1 The main stimulus for secretion of BNP is cardiac stress, as reflected by myocardial stretch and pressure or volume overload. 1 According to recent research, it has been suggested to be a prognostic factor for CAP. 1 5 Despite this, no systematic assessment of BNP levels as a prognostic marker for other types of pneumonia, or studies comparing BNP levels with other markers to validate their effectiveness, has been published to date.
METHODS

Study design
We conducted a cohort study in Kanazawa Medical University Himi Municipal Hospital (a 250-bed community hospital in Himi-shi, Toyama-ken, Japan). Verbal and written informed consent was obtained from all participating patients on admission. This study, including the informed consent procedure, was approved by the ethics committee at Kanazawa Medical University Himi Municipal Hospital (approval number 48), and the study was carried out according to the principles of the Declaration of Helsinki.
Data collection
Before starting this research, we asked all physicians at our hospital to measure BNP levels on admission for all patients who were diagnosed with pneumonia. Data were collected by reviewing electronic medical records held at our hospital, and all patients diagnosed with pneumonia by the physician and admitted to our hospital between 1 January 2012 and 31 March 2015, whose BNP levels had been determined in the first 24 h of admission, were enrolled.
All patients were subjected to an initial clinical assessment, including medical history, physical examination, ECG, pulse oximetry, blood tests, including arterial blood gas analysis (when indicated), blood culture (when indicated), chest radiograph and chest CT. After enrolment, baseline, demographic, clinical and laboratory characteristics, and outcome data, including levels of suspected prognostic markers for pneumonia proposed in previous papers: C reactive protein, metabolic acidosis, body temperature, respiratory rate, hypoxaemia, hypercapnia, age, plasma glucose level, serum creatinine level, malignancy, PaO 2 /FiO 2 <200, bacteraemia, were collected. [6] [7] [8] [9] [10] [11] [12] [13] All patients were followed up until discharge.
The inclusion criteria were patients diagnosed as follows:
CAP, aspiration pneumonia (AP), healthcare-associated pneumonia (HCAP), pneumonia with acute heart failure (PAHF). The exclusion criteria were patients diagnosed with other types of pneumonia, aged less than 18 years, an obvious traumatic cause of dyspnoea, and patients who requested an early transfer to another hospital. Patients judged not to have been suffering from pneumonia after admission were also excluded.
Measurement of BNP
BNP was detected in EDTA plasma samples using a fluorescence immunoassay (Biosite Diagnostics, La Jolla, California, USA). The precision, analytic sensitivity, and stability of the system have been described previously. 14 15 Briefly, the coefficient of variation within a given assay has been reported to be 9.5%, 12.0%, and 13.9% for levels of 28.8, 584.0, and 1180.0 pg/mL, respectively, while the coefficient of variation between assays is 10.0%, 12.4%, and 14.8%, respectively, for the same levels.
Definitions
Physicians at our hospital diagnosed pneumonia based on signs of a new infiltrate in the chest radiography or chest CT. No single biomarker or pre-specified biomarker level was necessary for diagnosis. Pneumonia was suspected in the presence of three or more of the following recently acquired respiratory signs or symptoms: cough, chest pain, sputum production, dyspnoea, body temperature >38.0°C, auscultatory findings of abnormal breath sounds and pulmonary rales, white cell count >10 or <4×10 9 cells/L, and a new infiltrate in the chest radiography. Each patient was classified into one of the pneumonia categories mentioned above.
Patients were classified in CAP if they did not meet the criteria for AP, HCAP or PAHF.
Although AP is one of the common presentations of CAP and HCAP, its significance has not yet been fully evaluated due to difficulties associated with diagnosis of this condition. 16 Diagnosis of AP was made based on the Japanese Respiratory Society ( JRS) guidelines for the management of hospital-acquired pneumonia, namely overt aspiration (apparent aspiration), a condition in which aspiration was strongly expected, or the existence of abnormal swallowing function or dysphagia. 17 In addition, water swallowing tests or videoendoscopy were performed to evaluate swallowing function in suspected cases (when indicated).
HCAP was defined according to the JRS guidelines for management of nursing-and HCAP published in August 2011. 18 HCAP in Japan was defined taking into account the characteristics of the Japanese healthcare system and the fact that the 2005 American Thoracic Society and Infectious Diseases Society of America guidelines proposed a new category of pneumonia, namely HCAP. In recent years, changes in medical care environments have led to increasing numbers of CAP patients becoming infected with multidrug-resistant pathogens. As these patients have a poor prognosis when coming into contact with the healthcare system, the concept of HCAP was introduced. HCAP includes patients who meet at least one of the following criteria: (A) residence in a long-term care hospital or a nursing home; (B) discharge from hospital in the past 90 days; (C) elderly or disabled people requiring care ( performance status 3 or 4); (D) outpatients who regularly receive infusion therapy (chronic dialysis, antibiotics, cancer chemotherapy or immunosuppressive drugs).
In a previous study, patients with pneumonia together with congestive heart failure had significantly higher serum BNP levels than those with pneumonia alone and the control groups. 19 The presence or absence of symptoms of congestive heart failure was based on the Framingham scale, 20 which was based on clinical impression, chest radiograph, and chest CT. Transthoracic echocardiography was included for all patients suspected of congestive heart failure. As such, we tentatively defined a diagnosis of PAHF based on the definition of pneumonia mentioned above together with the Framingham scale.
Patients were classified as HCAP when they met diagnostic criteria for HCAP and AP, and as PAHF when they met the diagnostic criteria for both PAHF and others.
Statistical analysis
The primary outcome was defined as a 30-day death. Categorical variables are expressed as number and percentage, and continuous variables as mean and SD. When data were missing for a parameter, the number of variables is given in parentheses. The normal distribution of the continuous variables was assessed using the Kolmogorov-Smirnov test. We applied a univariate analysis to compare baseline, demographic, clinical, laboratory characteristics and outcome data between CAP and other pneumonia groups. Three cut-off points, namely 40, 100, and 200 pg/mL, as well as the mean, were applied when comparing BNP levels. To estimate the potential clinical relevance of biomarker measurements, we used logistic regression models. For the comparison between the survival group and non-survival group, the potential confounding variables were entered in the univariate model, and variables that were significant in this model (p<0.05) were added to a multivariable model. In univariate analysis, Student's t test was used for continuous variables and the χ 2 or Fisher exact test for categorical variables. Cox-regression analysis was applied to identify predictors of death in multivariable analysis. Additionally, to assess the potential of the different BNP and risk stratification tools to predict 30-day mortality, receiver operating curve characteristics (ROCs) were compared and cut-off values were calculated by maximising the product of sensitivity and specificity. The statistical analyses were performed using the STATA software package (V.10; STATA Corp LP). A statistical two-tailed significance level of 0.05 was used and all hypothesis testing was also two tailed. 
RESULTS
Baseline characteristics
A total of 673 patients were diagnosed with pneumonia during the period of this study. Of these, BNP levels were measured in the first 24 h of admission for a total of 369 patients, who were therefore included in the analysis. No statistical difference was found in the clinical and laboratory findings and in the frequency of pneumonia subgroups between the 304 excluded patients and 369 included patients. For the remaining 304 patients, 261 were excluded as BNP levels were not measured on admission and 43 were diagnosed with other types of pneumonia. Of the 369 patients included in the study, 137 were diagnosed with CAP, 122 with AP, 74 with HCAP and 36 with PAHF. The number of deaths was 17, 16, 18, and 9, respectively, (mortality was 12%, 13%, 24%, and 25%, respectively) (figure 1 platelet count, C reactive protein, period of hospitalisation in PAHF. Missing data were confirmed for some parameters as the physicians at our hospital failed to confirm or measure them. BNP levels of all 369 populations were 275.4±538.6 pg/mL. We compared BNP levels at admission between CAP and other types of pneumonia subgroups: AP, HCAP, or PAHF, and found they significantly lower than those for PAHF (BNP: 176.2±239.4 pg/mL vs 1020.3±1164.9 pg/mL, p<0.01) (figure 2).
Prediction of death in analysis
In the univariate analysis, age, BNP (mean, cut-off points 100 and 200 pg/mL, p<0.01 respectively), metabolic acidosis, septic shock, disturbance of consciousness, malignancy, and PaO 2 /FiO 2 <200, along with measured levels of systolic blood pressure, diastolic blood pressure, body temperature, pulse oximetry, haemoglobin concentration, albumin, creatinine, plasma glucose and C reactive protein were associated with death in CAP ( (cut-off points 200 pg/mL), plasma glucose, and septic shock remained independent predictors of death in CAP (table 6) . A similar situation was found for PaO 2 / FiO 2 <200 in AP. Furthermore, for CAP, the area under the ROC curve (AUC) and likelihood ratios for different cut-off points are summarised (table 7) . BNP level was accurate in predicting mortality (AUC=0.75). Its optimal cut-off point for predicting death was 224.1 pg/mL, with a sensitivity of 58.8% and a specificity of 80.8%. Its negative predictive cut-off value was 0.51%, and the positive predictive cut-off value was 3.07%.
DISCUSSION
In this cohort study of 369 patients presenting with CAP, AP, HCAP, and PAHF, the ability of plasma BNP levels at admission to predict unfavourable outcome for patients was determined. We report four major findings. First, a comparison of BNP levels at admission for CAP and PAHF showed the former to be significantly lower than the latter. Second, BNP levels at admission are significantly elevated in decedents with CAP and AP. Third, a high BNP level (≥200 pg/mL) at admission is a predictor of CAP-related death. Fourth, BNP level was accurate in predicting mortality and its optimal cut-off point for predicting death was 224.1 pg/mL. Given the high incidence of pneumonia and its prominent mortality rates, our findings are possibly of clinical importance. The potential of BNP to predict CAP-related death observed in this study is in agreement with previous works.
1 5 21 Unfortunately, no direct comparison of BNP with CAP and AP, HACP, or PAHF, or validation of BNP as a prognostic marker in AP, HACP, or PAHF, was performed in these previous studies, therefore our results build on these findings. We would like to convey two our main messages to clinician from this paper. First, BNP can provide reliable data for timely to evaluate prognosis of CAP patients admitted to the hospital only by measuring its level, hence clinicians can conduct proper empiric therapy on admission. The major limitation for the routine use of the PSI, CURB-65, and A-DROP scoring system is its laborious calculation. According to a growing body of evidence, a simple BNP level provides equivalent prognostic information as the complex variable severity index. Second, BNP had been regarded as a marker for heart failure, however it also could play a new role as a prognostic marker for pneumonia. The pathophysiologic mechanism for oversecretion of BNP is not completely understood. 5 In general, BNP is an acute-phase reactant and plays an important role in regulating body fluid volume, vascular pressure and electrolyte balance. 1 5 21-24 And secretion of BNP is suggested to be triggered by hypoxia, leading to pulmonary vasoconstriction, pulmonary hypertension and right heart overload. 1 On the other hand, since BNP levels are significantly increased in patients with severe sepsis and septic shock, the plasma concentration of BNP can be used as a reliable indicator for identification of sepsis-induced myocardial inhibition. 5 21 24 Additionally, the activation of proinflammatory cytokine and the sympathetic nervous system has also been identified as an inducing factor of BNP secretion. 1 21 Consequently, BNP may mirrors inflammatory response as well as the presence of disease-relevant co-morbidities and hypoxia. 1 CAP is a significant stressor to the cardiovascular system through low peripheral vascular resistance, increased cardiac output, and the occurrence of arteriovenous shunts in inflamed areas. 5 On the other hand, patients with CAP usually suffer from partial hypoxia in the pulmonary vascular system. 1 Based on these findings, BNP levels in patients with CAP are suggested to integrate the degree of acute cardiac stress, the extent of systemic inflammation, and the presence of relevant comorbidities, especially chronic cardiac disease. 5 Therefore, Data are presented as mean±SD for continuous variables, and count (%) for categorical variables. PAHF, pneumonia with acute heart failure.
elevated BNP levels in patients with CAP and known concomitant heart failure might at least partially explain the predictive potential of BNP. 1 On the other hand, according to our knowledge, we could not find paper mentioned to the mechanism for elevation in patients with AP, HCAP, nor PAHF.
Several limitations merit consideration. First, we conducted a single centre study. Second, we cannot comment on the potential of BNP measurements in patients who were excluded from the analysis. Third, we failed to measure BNP for all pneumonia patients, hence selection bias cannot be completely excluded. Fourth, we should have measured the serum BNP levels in the convalescent phase in addition to the acute phase for evaluation as a decrease in these levels post-treatment, which is compatible with control subjects, would show that BNP levels were transiently elevated in patients with pneumonia. Fifth, physicians at our hospital failed to confirm respiratory rates for a number of patients on admission. Consequently, we were unable to compare the validity of BNP and PSI, CURB-65, a clinical prediction rule that has been validated for predicting mortality in CAP and infection at any site and is recommended by the British Thoracic Society for assessment of the severity of pneumonia. 25 26 Sixth, compared CAP with other types of pneumonia for baseline, demographic, clinical, and laboratory characteristics and outcome data, there were significant difference in some variables.
CONCLUSIONS
BNP levels may be a useful single prognostic marker for CAP. On the other hand, we will continue to collect more samples in the future to establish new acknowledgement. In this regard, further studies are required to validate their utility with other types of pneumonia and to assess their application in clinical practice. 
